Abstract: We examine the impact of fiscal positions, both the level of debt and the fiscal balance, on long-term government bond yields in the OECD. In order to control for the endogenity of fiscal positions to the business cycle we utilize forward projections of fiscal positions from the OECD's Economic Outlook. In a panel regression over the period from 1988 to 2007, we find a robust and significant effect of fiscal performance on long-term bond yields. Our estimates imply that the marginal effect of the projected deterioration of fiscal positions associated with the recent financial crisis is to add about 60 basis points to U.S. bond yields by 2015, with effects on other G7 bond yields generally being smaller.
I.

Introduction
As is well known, the global financial crisis has left a deep imprint on the fiscal position of the advanced economies. Figure 1 shows that fiscal deficits in the G-7 countries widened to 5 -15 percent of GDP in 2009, and OECD forecasts have these deficits shrinking only slightly this year and next. In consequence, as shown in Figure 2 , the net general government debt of these countries is projected to rise to their highest levels in many decades (with the exception of Canada). Even before the eruption of the sovereign debt crisis in Greece, policymakers and market participants had begun to focus on the potential effects of deteriorating fiscal positions on government bond yields and, by extension, private capital formation and economic growth.
More recently, these concerns have become all the more acute.
There are a plethora of reasons why larger government deficits or debts might boost sovereign yields:  Crowding out: larger deficits put greater pressure on resources, leading to a rise in the equilibrium interest rate in the economy in order to keep output from outstripping potential;  Portfolio balance: rapid expansion of government debt may require an increase in interest rates if investors are to accept a larger share of it in their portfolios;  Inflation expectations: fears that the central banks will monetize government debt and deficits may boost inflation expectations, thereby requiring a compensating increase in nominal interest rates; and  Default risk: larger debts may engender fears that the government will default, also requiring a compensating increase in bond yields.
In spite of-or, perhaps, because of-the many reasons that fiscal imbalances might boost interest rates, it is difficult in practice to identify an obvious effect of the former on the latter. Figure 3 shows that, notwithstanding the trend rise in government debt/GDP ratios for most G7 countries in the past several decades, long-term government bond yields have trended down; a picture of real bond yields would show similar movements.
Moreover, the rise in deficits and debts that has taken place most recently --during the global financial crisis --has not had any obvious effect on bond yields, either. Figure Similarly, as shown in Figure 5 , the existence of a positive relationship between increases in projected government net debt ratios and increases in bond yields also depends entirely on the observations for Greece and Ireland.
Clearly, identifying a consistent effect of fiscal imbalances on bond yields requires a more complete econometric exercise that controls for a range of other influences on yields. In this paper, we build upon an extensive literature on this topic to estimate the impact of fiscal deficits and debts on long-term government bond yields for two different sets of advanced economies:
the OECD economies and the G-7 countries. Following on Ardagna, Caselli, and Lane (2004),
we estimate cross-country panel regressions on annual data to explain bond yields with measures of fiscal imbalances and various control variables. As in Laubach (2009), Engen and Hubbard (2005) , and, in an international context, Chinn and Frankel (2005) , we use forecasts of government deficit and debt variables, rather than their actual values, as explanatory variables in the model; this approach helps us address some of the econometric problems that make it difficult to identify an effect of fiscal performance on bond yields. We then use the estimated coefficients to gauge the likely effect of the projected future expansion of fiscal deficits and debts on bond yields around the world.
To summarize our key findings, first, we were able to estimate statistically significant effects of forecasted government deficits and debts on long-term bond yields that were remarkably robust, considering the mixed evidence uncovered by prior research. For the G-7 panel, a 1
percentage point rise in the ratio of the structural fiscal deficit to GDP boosts bond yields by 15 basis points in the long run, and a 1 percentage point rise in the net debt ratio boosts yields 2 basis points. These effects are just a little smaller than those estimated by Laubach (2009) and Engen and Hubbard (2005) for the United States alone. For the larger OECD panel, estimated fiscal effects on yields are about half those estimated for G7 countries.
Second, the expansion of fiscal deficits and debts since the onset of the financial crisis and recession should exert material effects on bond yields in the medium to long term. Based on our econometric estimates, coupled with fiscal projections published in the October 2010 IMF World Economic Outlook, we calculated the marginal effect on bond yields in the G7 countries resulting from the prospective change in fiscal positions between 2007 and 2015. By 2015, U.S.
long-term sovereign yields are projected to be about 60 basis points higher than they would be if fiscal positions remain at their 2007 levels. The marginal effect of changing fiscal positions on most other G7 countries should be smaller, reflecting some combination of smaller increases in debt and greater progress in narrowing fiscal deficits in the IMF forecasts. For Japan, our estimates suggest that further fiscal deterioration will push up yields by 90 basis points, but insofar as our model does a poor job explaining Japanese yields, we put little weight on this estimate.
The plan of this paper is as follows. Section II reviews several econometric issues that complicate the identification of the effect of fiscal performance on bond yields, and it explains how we address those issues. Section III describes our econometric methodology and reviews our core results, while Section IV reviews the results of a broad range of alternative estimations designed to assess robustness and to address specific questions about how and why fiscal performance affects bond yields. Section V describes simulations based on our core estimates that gauge the effect of the recent deterioration in fiscal performance on recent and prospective bond yields. Section VI concludes.
II. Econometric Issues
Other papers present reviews of the lengthy literature on the effect of fiscal performance on interest rates, so we will not repeat these summaries here. 2 However, some key issues complicating the identification of fiscal effects on interest rates are worth highlighting.
To begin with, both fiscal performance and interest rates are endogenous with respect to the business cycle. A cyclical downturn in real GDP, for example, tends to lead to a reduction in the fiscal balance (widening of the deficit) as tax revenues erode and the government spends more on unemployment compensation and other income support. At the same time, interest rates decline as the monetary authorities loosen policy and the demand for money and credit declines.
This introduces a spurious positive correlation between the fiscal balance and interest rates that may obscure the underlying structural negative effects discussed above.
A number of ways to control for this endogeneity have been employed by previous researchers. In their analyses of U.S. interest rates, Laubach (2009) In our research, we draw on a number of these approaches to control for endogeneity.
We do not employ the forward interest rates utilized by Laubach (2009) and Engen and Hubbard (2004) as the dependent variable, as these are not available for a large number of countries. (We do assess their importance in an alternative specification using fewer countries.) However, as in those studies, we employ future projections of the deficits and debts, specifically two-year-ahead projections calculated by the OECD. We also, like others, use measures of short-term interest rates, inflation, and GDP growth as controls for current cyclical conditions. Moreover, to more fully abstract from current conditions and to better line up with the longer-term expectations relevant to long-term yields, we use the OECD's two-year-ahead projections for inflation and GDP growth in our equations. Finally, we use the OECD calculations of the primary and structural balance, rather than the overall balance, as measure of the fiscal balance. The primary balance excludes interest payments, thus reducing endogeneity with respect to interest rates, and the structural balance measure seeks to exclude the effects of deviations of output from potential.
A second issue that arises in estimating the effect of fiscal balances on interest rates is the relatively subtle effect they appear to exert over short time periods, as noted in the introduction.
Although Laubach, Engen and Hubbard, and others have identified significant effects for the United States, results for individual foreign countries have been less consistent. Chinn and Frankel (2005) and Ardagna, Caselli, and Lane (2004) address this problem by pooling countries into panel data sets, thereby increasing the number of observations available to identify fiscal effects, albeit at the expense of imposing the restriction that these fiscal effects are the same across countries. In our research, we verify that time series analysis of individual countries do not yield precise estimates of the impact of fiscal variables on interest rates, and focus on panel regression estimates.
A third issue arises specifically in the context of the panel data approach. In principle, governments running larger fiscal deficits would be considered less creditworthy and thus have to pay higher interest rates. However, it is also true that if governments are considered more creditworthy for other reasons-their established record of timely repayment, the growth performance of their economy, or their political stability-they will be charged lower interest rates by the market. This, in turn, could lead them to expand their deficits as a result, leading to a negative correlation between deficits and interest rates rather than the positive correlation that would be generally assumed. Accordingly, the simultaneous correlation of both interest rates and fiscal performance with an omitted variable-underlying perceptions of creditworthinesscould bias estimates away from finding a fiscal effect on interest rates. This is apparent in Finally, over the last several decades, interest rates around the world have trended downward, as evidenced in Figure 3 . No consensus on the explanation for this downtrend exists, but analysts point to several possible factors: declines in inflation and inflation uncertainty, the effect of the global saving glut in increasing the availability of capital, and demographic changes enhancing the demand for long-term safe assets. To control for these factors, we introduce fixed period effects into our model estimation. The OECD's two-year-ahead projections of four different measures of fiscal performance are utilized and included separately in the equations: gross government debt: net government debt, which subtracts the value of government assets; the primary balance, which excludes interest payments; and the structural balance, which excludes estimated effects on fiscal performance of deviations of GDP from its potential level. We follow the lead of most researchers in entering debt and deficit variables separately into the equations, as their multicollinearity reduces the precision of the estimates. However, we also estimate specifications incorporating both types of variables simultaneously (Table 11) .
III. Basic Methodology and Results
Methodology
In all cases, the model is estimated over the period 1988 through 2007. The starting point of the sample is dictated by data availability. The end-point was chosen to precede most of the global financial crisis, and also to allow two years of post-estimation-sample data to be used for out-of-sample evaluation. Equations 1 through 4, labeled "Full panel," were estimated using data for 19 OECD countries. 4 Equations 5 through 8 used data only for the G-7 economies.
Results
By and large, the estimation results are consistent with our expectations and statistically significant. The coefficients on the lagged dependent variable are reasonably modest, in the .3 to .4 range, suggesting that other variables are explaining most of the variation in long-term interest rates. The coefficients on the short-term interest rate, inflation, and GDP growth are all positive and significant. Finally, the coefficients on the fiscal balance and debt variables are of the appropriate sign and statistically significant.
In their panel data study of OECD countries, Ardagna, Caselli, and Lane (2004) found effects of debt on interest rates only for countries with above-average levels of debt. Our finding of a straightforward linear relationship between fiscal debt and interest rates may owe to our use of projected rather than actual debt levels. We also find fiscal effects in the G-7 countries to be considerably larger than those in the OECD more generally. This could reflect that bond yields in the G-7 countries may be more market-driven than those in some of the smaller, less advanced OECD economies.
Reassuringly, our estimates of the magnitude of fiscal effects, especially in the G-7 economies, are broadly in line with those of previous researchers. For example, Laubach (2009) and Engen and Hubbard (2004) find that a percentage point rise in the debt/GDP ratio boosts forward yields on the order of 3-4 basis points. For the G-7 countries, we find that a one percentage point rise in the net debt ratio boosts yields by 2 basis points in the long run. Table 1 , but without data for the United States, and the results were broadly similar. More likely, the difference reflects that the latter researchers use a forward yield, whereas we use a current 10-year yield. As the near-term part of the term structure of interest rates is probably less responsive to fiscal surprises than farther out on the curve, the current 10-year yield does not move as much as the forward yield.
IV. Alternative Specifications and Robustness Tests
Contemporaneous Independent Variables
In our baseline regressions most independent variables, including GDP growth, inflation, and fiscal variables, are included as two-year ahead projections under the assumption that longterm interest rates are impacted more by prospective fiscal policy and economic conditions than current conditions. In order to test the importance and accuracy of this assumption, we reran our baseline regressions with current rather than projected variables.
As reported in Table 2 , current GDP and inflation generally do not have a significant impact on long-term yields (particularly in the equations with debt measures), suggesting that long-term macroeconomic prospects are more important for the determination of long-term yields than current economic conditions. The coefficients on the current levels of debt (both net and gross) are for the most part not significantly different from zero. Current fiscal balance variables largely remain significant, but with slightly smaller coefficients than in the regressions in Table 1 . The continued significance of the fiscal balances likely reflects the persistence of balances and the subsequent tight correlation of current and prospective balances.
Five-year Five-year Forward Interest Rates
As mentioned previously, one difference between our approach and that of Laubach (2009) is our use of the current 10-year yield as the dependent variable versus Laubach's use of five-year forward yields. By cutting off the front-end of the term structure, Laubach was attempting to look at the non-cyclical component of long-term rates. By using the current tenyear rate we have implicitly included the front-end of the term structure in our analysis.
Using a smaller sample of countries for which we have the five-year five-year forward yield (that is, the five-year yields expected to prevail five years ahead), we examine the importance of this difference in dependent variables in Table 3 . For comparison, the first four columns of Table 5 repeat our baseline regressions with the smaller sample of countries but still using the 10-year yield, while the last four columns report results with the five-year five-year forward yields. We find that the estimated fiscal impact is not much different, although the coefficients are no longer significant. One thing to note is that with the forward interest rates, the short-term rate is no longer significant, as might be expected given that the near-end of the term structure is no longer relevant. All told, the use of forward yields does not seem essential to identify fiscal effects on bond yields, at least for this multi-country sample.
Removing Inflation from the Control Variables
As discussed earlier, one possible channel through which increased fiscal deficits and debt can impact interest rates is by increasing inflation expectations. Thus, including projected inflation as an independent variable could potentially lead us to underestimate the impact of the fiscal variables as a portion of the estimated impact of inflation on yields may in fact be attributable to fiscal policy.
However, this does not appear to be the case. As reported in Table 4 , removing projected inflation from the regression generally decreases the size of the coefficients on the fiscal variables relative to our baseline regression results in Table 1 . The lower estimated fiscal coefficients argue against inflation expectations being an important channel for the transmission of fiscal policy into interest rates and instead suggest that the cyclical correlation of low inflation and fiscal policy expansion has historically outweighed any effect that fiscal policy may have on inflation expectations.
The impact of fiscal policy on inflation expectations is tested directly in Table 5, which reports results from regressions with the OECD's two-year ahead projected inflation as the dependent variable. The fiscal balance variables are not significant determinants of expected inflation. Some specifications with fiscal debt positions do have significant coefficients, but with the wrong sign.
Removing GDP and Short-term Interest Rates from the Control Variables
As noted earlier, the endogeneity of fiscal positions, GDP growth, and interest rates with respect to the business cycle may give rise to a spurious positive correlation between fiscal balances and bond yields, even though, absent cyclical variations, improved fiscal positions should be associated with lower yields. Therefore, to control for cyclical effects in our baseline estimations (Table 1) , we added short-term interest rates and projections of GDP growth as explanatory variables. However, this may have the effect of biasing downward the coefficient on fiscal positions, because it shuts down a mechanism by which fiscal expansion, for example, may affect bond yields: by providing macroeconomic stimulus that pushes up GDP growth and shortterm interest rates.
Accordingly, Table 6 examines the impact on our regression results of not including GDP growth or short-term rates as control variables. The coefficients are in general a bit smaller and less significant than those in Table 1 , suggesting that the endogenity of GDP growth and shortterm rates to fiscal policy is not downwardly biasing our original estimates.
Non-linearities
Ardagna, Caselli, and Lane (2004), among others, suggest that the impact of fiscal variables on interest rates is non-linear: these variables exert little effect on yields when fiscal performance is good, but a greater effect when performance is poor and investors are more concerned about the future fiscal outlook. We test for this possibility in Table 7 by augmenting our baseline regressions with squared terms on the fiscal variables (adjusted to preserve the sign of the original non-squared variable). The signs on the squared terms generally have the wrong sign. Rather than intensifying the impact of a deficit or debt as might be expected, the squared terms generally have the opposite sign of the straight fiscal variables, implying that the impact on the interest rate becomes more muted as the level of deficits and debt increase. Accordingly, while the non-linearity hypothesis seems plausible, it receives little support from our data.
Country-Specific Time Series Regressions
Our methodology raises the question of whether the panel data regressions unduly restrict coefficients to be the same across countries, and whether it might be better to model countries separately. Tables 8 and 9 report the results of time series regressions for individual G7 countries, examining the effects of net debt and the structural balance respectively. For the time series regressions we include a time trend in order to capture the downward trend in interest rates over the estimation period. The results are generally weak, as coefficients often have the wrong sign or are insignificant, suggesting that cross-country variation is important for identifying the fiscal impact. Looking at the regression results, the results are strongest for Italy in terms of the impact of net debt. The coefficients on the structural balance have the correct sign, and are quite large in a number of cases; however, they are insignificant with the exception of France.
The Impact of Foreign Fiscal Policy
The advent of very large fiscal deficits globally raises the concern that bond yields in particular countries may rise not only because of the fiscal deterioration in those countries, but because of the pressure on global savings of fiscal deterioration in the rest of the world. Global capital flows make it possible that interest rates in any particular country are impacted not only by domestic fiscal policy but also by fiscal policy in other countries. The anticipated impact of foreign policy on domestic rates is contingent on the mechanism through which fiscal policy is affecting interest rates more broadly. If "crowding out" or "portfolio balance" are the operative transmission channels, then it seem likely that higher debt or deficits overseas would compete for domestic funds and drive up domestic interest rates independent of domestic fiscal policy. If instead, larger debt or deficits overseas lead to increased fears of a foreign default, i.e. higher foreign sovereign risk, it is possible that looser foreign fiscal policy could have a negative impact on domestic yields as investors seek the relative safety of domestic assets. Table 10 examines the effect of foreign fiscal policy on domestic yields by augmenting the baseline regression with foreign fiscal variables; for each country, these are constructed as the sum of foreign (to that country) fiscal variables divided by the sum of foreign GDP. Unlike our baseline regressions, these regressions do not contain time fixed effects. As the foreign fiscal variables are similar across many of the countries in our sample, particularly for the smaller countries in our OECD panel, we dropped the time fixed effect to avoid problems of collinearity.
The results shown in Table 10 are mixed. The level of foreign debt does not appear to be important for the determination of domestic yields. The coefficients on foreign balances are significant but vary in sign across the primary balance and structural balance, with the foreign primary balance actually driving up domestic yields and the structural balance having a larger negative impact on domestic yields than the domestic structural balance. All told, the evidence does not provide strong support for the role of global fiscal measures in affecting bond yields.
V. Model Simulations
Ex-post historical simulations
How well does the baseline model explain the actual evolution of interest rates? Using the coefficients from the basic panel regression with the G-7 sample estimated through 2000, we construct dynamic simulations of G7 interest rates going forward. Figure 8 shows the simulations using the model with net debt while Figure 9 uses the model with the structural deficit. In constructing the simulations we held our estimates of period and country fixed effects constant at their 2000 levels.
By and large, both of these models do a reasonable job of tracking actual movements in bond yields, particularly given that the figures display fully dynamic simulations implemented over lengthy time periods. 6 To be sure, there are some sizeable errors by the end of the simulation period in a number of countries-Canada for the model using net debt, Italy for the model using the structural fiscal balances-but even in these cases, the models capture the broad contours of the interest rate paths. The key exception is the failure of the model with net debt to explain Japanese bond yields-it predicts substantial increases in these yields as net debt accumulated, whereas actual yields declined further. Consistent with many commentaries on this subject, it is clear that issuance of Japanese government debt does not boost required yields to anywhere near the same extent as in other countries. This may be due to the home bias of Japanese investors, the entrenched nature of deflation, or some other factor not captured by our model. they are projected to be somewhat higher (lower deficits) in the United Kingdom, a bit lower in Canada, Germany, and Italy, and considerably lower in Japan and the United States.
Projected impact of fiscal deterioration
In assessing the effect of these projected changes in bond yields, we faced the challenge of reconciling our estimates for the effect of debt ratios on yields with our estimates for the effect of fiscal balances. In principle, changes in fiscal balances have implications for debt ratios, and vice-versa. Therefore, their movements are not independent, and one cannot simply add the estimated effect of changes in net debt to the estimated effect of changes in fiscal balances.
Instead, and at the cost of some multicollinearity, we chose to estimate a set of equations that include both debt and balance measures as explanatory variables.
As shown in Table 11 , the resultant coefficient estimates are generally smaller and often less statistically significant, as we would expect. Even so, the estimates are in the same ballpark as those shown in Table 1 . Accordingly, to calculate the marginal effect on G7 bond yields of projected fiscal movements, we used the estimates shown in column 8, which are based on the net debt and structural balance measures. These calculations take into account not only the coefficients on those two variables, but also that on the lagged dependent variable, which captures the persistence of bond yields over time and their dynamic response to shocks.
Turning to the results shown in Table 12 , for the United States, the rise in net debt and deterioration of the structural fiscal balance lead to a marginal effect on bond yields of 62 basis points, holding all else equal. This is not an alarmingly large effect, but at the same time, held over many years, it may be sufficient to reduce the pace of capital formation and thus economic growth by a material extent. The estimated effects on the bond yields of most other G7 countries are considerably smaller, as more progress in fiscal consolidation leads to smaller increases in debt.
Japan is the one exception, with the structural balance projected to deteriorate even more than in the United States, and the net debt projected to rise much more rapidly. As a result, fiscal deterioration pushes Japanese bond yields up 90 basis points. However, based on the failure of the model to track historical Japanese yields, as discussed above, we are inclined not to put much weight on these results.
The estimates for Japan offer a cautionary reminder about the limitations of this type of analysis. The regression allows county-specific differences in the level of interest rates, due to the inclusion of fixed country effects, but sets the marginal impact equal across countries. It is possible that idiosyncratic aspects of the Japanese situation, including country-specific institutional arrangements might impact the marginal impact of fiscal variables. Certainly up to this point, Japan has been able to finance its large debt at low interests, a feature captured in the model by the country fixed effect, and it is possible that the institutional arrangements that have kept Japanese interest rates low in the past will continue to operate, a possibility ignored by the model forecast.
VI.
Conclusion
Using a large panel dataset of OECD countries, we have identified a robust and significant impact of fiscal performance on long-term bond yields. Based on our estimates, by 2015, yields could be 60 basis points higher in the United States than would have been the case in the absence of the projected increases in debts and deficits since the advent of the financial crisis. Excluding Japan, whose bond yields are not well-explained by our model, bond yields in other G7 countries would be up by lesser amounts. All told, these estimates point to a material, but not overwhelmingly large, impact of the global fiscal deterioration on bond yields.
In addition to assessing the magnitude of the effect of fiscal performance on bond yields, we also explored the various channels through which that effect might have occurred.
We are inclined to discount the possibility that changes in fiscal performance affected yields through their effect on perceived default risk, as the G7 governments in our sample were considered highly creditworthy. 7 Our econometric results provide no evidence for the view that concerns about inflationary effects underlie the linkage between fiscal deficits and bond yields:
we identify such a linkage even controlling for projected inflation; removing projected inflation as an explanatory variable does not affect our estimation results; and there is little evidence of a direct effect of fiscal performance on inflation expectations in our sample. Finally, we found no support for the concern that bond yields might experience an especially large increase because fiscal deficits around the world had all widened simultaneously-once a country's own fiscal performance is taken into account, the fiscal performance of the remaining countries in the sample had no robust, significant effect on that country's bond yields.
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Data Appendix
All data, with the exception of forward interest rates, were taken from the OECD's December Economic Outlook starting with the 1988 edition.
Long-Term Interest Rates:
For most countries the long-term rate was the 10 -year government bond yield. The rates were daily averages, with the exception of Canada (average of last Wednesday of each month), Japan, Australia, Denmark (end of month rates), France, and Ireland (last Friday of each month).
Short-Term Interest Rates: For most countries the short-term rate recorded in the Economic
Outlook is the 3-month interbank interest rate. For Greece, prior to 2001 the 12-month Treasury rate was used. The rates are daily averages, with the exception of Denmark and Ireland, which are the average of the end-of-month rate, and Canada, which is the average of Wednesday rates.
Five-Year Five-Year Forward Interest Rates:
Kindly provided by Clara Vega.
GDP: Real GDP. 
